The most fascinating feature of certain two dimensional (2D) gapless quantum spin liquids (QSL) is that their spinon excitations behave like the fermionic carriers of a paramagnetic metal. The spinon Fermi surface is then expected to produce a linear increase of the thermal conductivity with temperature that should manifest via a residual value (0/T) in the zerotemperature limit. However, this linear in T behavior has only been reported for very few QSL candidates that do not include any magnetic oxide. Here we report a residual value of 0/T in the effective spin-1/2 triangular antiferromagnet Na2BaCo(PO4)2. This observation indicates that Na2BaCo(PO4)2 is a gapless QSL.
(a, b) shows the ultralow-temperature thermal conductivity at 0 and 14 T, respectively.
Several features are noteworthy. First, both the data are well fitted by /T = 0/T + bT 2 with b as a constant in a very broad temperature range (from several tens to ~ 500 mK), while the fitting parameters 0/T and b are clearly different for the two sets of data. Second, in zero field the fitting gives 0/T = 0.0062 W/K 2 m, that is, the presence of a residual value in /T while approaching zero temperature is clearly resolved. This residual thermal conductivity immediately implies the excitation is gapless and has a long-range algebraic (power law) temperature dependence. By following Ref. 18 's method, we estimate the mean free path (ls) and life time of the spin excitation Here a (~ 5.32 Å) and d (~ 7.01 Å) are nearest-neighbor and interlayer spin distance, respectively.
From the observed 0/T = 0.0062 W/K 2 m, the ls is obtained as 36.6 Å, indicating the excitations are mobile to a distance 7 times as long as the inter-spin distance without being scattered. By using J = 1.7 K, the obtained τs is 3.09×10 -11 s. Third, in high magnetic field of 14 T, although the  is much larger than the zero-field data, the fitting gives a negligibly small value of, or vanishing 0/T.
It is very reasonable since 14 T is strong enough to polarize all spins and completely suppress the spinon excitations of the QSL state. Thus, the 14 T data should be a result of pure phonon heat transport. From the specific heat data (see the Supplementary materials), it is found that the phonon specific heat can be approximated as Cph = T 3 at very low temperatures with the coefficient  = The phonon thermal conductivity in the ballistic scattering limit is ph = (1/3)Cphvphlph, where the phonon mean free path is determined by the averaged sample width of l ph = 2√ / = 0.32 mm for this sample. Thus, the phonon thermal conductivity at low temperature is expected as ph = 2.21×T 3 W/Km. Note that this estimation is different from the 14 T data by only a factor of 2, which is acceptable. If one assume the 14 T data is purely phonon term, much smaller data in zero field indicates that the phonon ballistic scattering limit is not achieved although they show a pretty good behavior of 0/T + bT 2 . Therefore, the phonons are always suffering some scattering effect besides the boundary in zero field. Apparently, at very low temperatures only the magnetic excitations can be acted as this role of phonon scattering. These results, again, clearly indicate that in zero field the phonons are rather strongly scattered by the spinon excitations of the QSL state and the high field can suppress the spinons and the scattering effect as well.
In summary, we clearly observed a nonzero residual thermal conductivity 0/T in the inorganic QSL candidates for the first time. It is well known that the residual thermal conductivity in the zero-temperature limit demonstrates that the excitation from the ground state is gapless, and the associated correlation function has a long-range algebraic (power-law) dependence. This experimental result provides a clear evidence that Na2BaCo(PO4)2 has a QSL ground state with gapless spinon excitations. Till now the nonzero 0/T has been only observed in high-quality
In comparison, the 0/T value of Na2BaCo(PO4)2 is much (~ 30 times) smaller than that of EtMe3Sb[Pd(dmit)2]2, which may be attributed to two possible reasons. First, the spinon velocity is much smaller in Na2BaCo(PO4)2 due to the small J value. Second, the s is similar to that of the organic sample but the ls is much shorter in Na2BaCo(PO4)2, which is related to stronger scattering between phonon and spinon. 
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Thermal conductivity measurements
Thermal conductivity was measured by using a "one heater, two thermometers" technique in a 3 He/ 4 He dilution refrigerator and a 3 He refrigerator, equipped with a 14 T superconducting magnet [36] [37] [38] [39] [40] . The sample was cut precisely along the crystallographic axes with dimensions of 3.0  0.63  0.14 mm 3 , where the longest and the shortest dimensions are along the a and the c axes,
respectively. The heat currents were applied along the a axis while the magnetic fields were applied along the c axis.
The residual thermal conductivity 0/T in zero field is 0.0062 W/K 2 m, which is ~ 30 times smaller than that observed in organic QSL candidate EtMe3Sb[Pd(dmit)2]2 [18] . One may ask whether this value is too small to be resolved by the  measurement at ultra-low temperatures. We would like to mention that this residual thermal conductivity is actually comparable to those in high-Tc cuprate superconductors (HTSC). For HTSC, the 0/T is contributed by the nodal quasiparticles from the d-wave superconducting state and has been experimentally observed by us in many materials, including La2-xSrxCuO4, YBaCu3Oy, Bi2Sr2-xLaxCuO6+, and Bi2Sr2CaCu2O8+ [37] [38] [39] [40] .
In these materials, it is well resolved that the 0/T varies from 0.0015 to 0.06 W/K 2 m and shows systematic changes with the carrier concentration. Similar experimental results have also been reported by other groups for both the cuprate and the iron-based superconductors [41] [42] [43] [44] .
Therefore, a 0/T value of 0.0062 W/K 2 m is big enough to be correctly detected by a high-level measurement. Figure S1 (a) Specific heat of Na2BaCo(PO4)2 single crystal at 1.9 -40 K and in various magnetic fields up to 14 T. (b) Zero-field data. The solid line shows the fitting to data at T > 10 K by using the formula of phonon specific heat, Cph = T 3 + 5T 5 + 7T
Supplementary Information
.
Figure S1(a) shows the specific heat data of Na2BaCo(PO4)2 single crystal at 1.9 -40 K and in various magnetic fields of 0 -14 T. These data are consistent with those reported in by Cava's group [S1]. There is no sign of phase transition in this temperature range. With applying magnetic field, a broad peak appears at low temperature. To estimate the phonon specific heat, we fit the zero-field data at 10 -40 K by using the low-frequency expansion of the Debye function, Cph = 
